Human psychologists have often investigated variation in cognitive abilities ([@zoz039-B32]), finding that, once they have controlled for age, education level, and other confounding factors, some individuals consistently outperform others on certain cognitive tasks (problem-solving tasks: [@zoz039-B63]; linguistic tasks: [@zoz039-B19]; spatial tasks: [@zoz039-B34]; mathematical tasks: [@zoz039-B33]). Similarly, researchers have provided evidence that nonhuman mammals, birds, and teleost fish show individual differences in cognition (reviewed in [@zoz039-B71]; [@zoz039-B43]). However, cognitive individual differences are less investigated and less understood in these species than in human.

Human individual differences in cognition have often been associated with variability in the capacity to perform basic cognitive tasks ([@zoz039-B53]; [@zoz039-B21]), such as inhibitory control ([@zoz039-B14]; [@zoz039-B55]; [@zoz039-B12]; [@zoz039-B28]; [@zoz039-B51]). Inhibitory control is the cognitive ability that allows prevailing over internal predispositions and external lures to control attention, behavior, emotions, and thoughts ([@zoz039-B21]). For example, inhibitory control allows to inhibit the temptation to eat sweets while on a diet or stay focused on a single voice at a cocktail party ([@zoz039-B21]). Because inhibitory control is involved in many activities and higher cognitive processes, its variability might cause, along with other factors, individual differences in diverse cognitive tasks ([@zoz039-B64]). The ability to inhibit behavior has also been observed in nonhuman animals and is thought to derive from cognitive processes akin to human inhibitory control (e.g., [@zoz039-B46]; [@zoz039-B6]). For example, ambush predators frequently inhibit their initial prepotent responses toward attacking prey and wait the appropriate moment ([@zoz039-B47]). Similarly, prey exhibit inhibition of foraging behavior when they detect a potential predator ([@zoz039-B59]). In some mammalian and avian species, individual differences also seem to be present in the ability to inhibit behavior, similarly to what has been reported on inhibitory control in humans ([@zoz039-B8]; [@zoz039-B50]; [@zoz039-B7]). For example, [@zoz039-B50] reported individual differences in the ability of pheasants *Phasianus colchicus* to inhibit their tendency to orient toward a distractor food reward, which could not be reached.

Studies on animals have suggested that individual cognitive abilities are positively correlated with fitness ([@zoz039-B18]; [@zoz039-B15]). This is expected to cause directional selection, which would reduce individual differences in cognitive abilities. A direct explanation for the maintenance of individual differences in cognition is that the brain tissues involved in cognitive computation are expensive to maintain ([@zoz039-B1]). Therefore, individuals may develop these tissues at different level according to their condition, which is highly variable among individuals (e.g., [@zoz039-B58]). Alternatively, cognitive abilities might be associated or in trade-off with other life history traits ([@zoz039-B66]). For example, guppies *Poecilia reticulata* artificially selected for large brains, which show higher cognitive abilities in several tasks ([@zoz039-B38], [@zoz039-B39]; Buechel et al. [@zoz039-B11]), have been reported to develop small guts and produce few offspring ([@zoz039-B39]).

Recent studies have also suggested the possibility of an indirect explanation: cognitive individual differences may be related to personality traits, that is, consistent individual differences in behavior, such as exploration, boldness, activity, and sociability ([@zoz039-B13]; [@zoz039-B62]). Personality is maintained by frequency-dependent selection and spatio-temporal fluctuation in the pattern of selection ([@zoz039-B23]). Among great tits *Parus major*, females with higher exploratory tendencies have higher survival rates in years with scarce resources and the opposite pattern was observed in years with abundant resources ([@zoz039-B22]). If individual differences in cognition are related to personality, then the selective pressures that maintain variability in personality may indirectly be responsible of variability in cognitive abilities. Empirical studies furnish partial support for this hypothesis in various taxa ([@zoz039-B24]): in cavies *Cavia aperea*, bolder and more active individuals exhibit higher learning performance ([@zoz039-B30]); slow-explorer black-capped chickadees *Poecile atricapillus* exhibit higher accuracy in an instrumental learning task ([@zoz039-B31]); and guppies with higher sociability exhibit a reduced ability to discriminate between the sizes of 2 conspecific shoals and choosing the larger, safer shoal ([@zoz039-B44]). Few studies, to date, have addressed whether personality also explains variability in inhibitory abilities. A study on rats found that highly explorative individuals display lower inhibitory abilities ([@zoz039-B27]). On the contrary, personality did not explain inhibitory performance in 5 avian species ([@zoz039-B31]; [@zoz039-B69]; [@zoz039-B74]).

In this study, we explored whether personality explains individual differences in the inhibitory abilities of teleost fish, as observed in some mammalian species ([@zoz039-B3]; [@zoz039-B27]). Moreover, we attempted to understand whether the relationship between personality and inhibitory abilities is constant across species. This relationship has been found in some species, but not in others ([@zoz039-B24]), and may therefore be species specific. However, because the different species have been tested with different paradigms, it is also possible that methodological differences caused the contrasting results. To address our second aim, we performed our study on 2 fish species, the zebrafish *Danio rerio* and the guppy *P. reticulata* using the same methodology. We first tested subjects twice in an inhibition task that consisted of presenting a transparent tube containing live prey ([@zoz039-B41]). Because fish could not reach the prey, they had to inhibit their foraging behavior. In previous studies with this task, we found both study species showing inhibition and rapidly reducing the number of attempts to catch the prey over time (guppies: [@zoz039-B41]; zebrafish: T.L.-X. and C.B., unpublished data). After the inhibition task, we tested the same individuals twice in an open-field test, commonly used to assess personality in these species ([@zoz039-B20]; [@zoz039-B72]). This design allowed us to identify consistent individual differences (i.e., repeatability) in inhibitory ability and in personality, and then, to assess the presence of covariance between individuals' performance on the 2 tasks ([@zoz039-B29]). Given the scarcity of previous research, we could not draw a priori hypothesis on the direction of the relationship between personality and inhibitory performance.

Materials and Methods
=====================

Experimental design
-------------------

We tested individuals of both species with the same procedure. First, fish performed the inhibition task, which consisted of 3 days of habituation and, on the 4th day, 2 20-min inhibition trials, separated by a 2 h interval. Two hours after the Trial 2 of the inhibition task, we moved the fish into the open field for the Trial 1 of the personality test (duration: 10 min). We performed Trial 2 of the personality test after 48 h, during which we kept the fish in the apparatus of the inhibition task. The long interval between the personality trials was needed, because this test was aimed at measuring subjects' reaction to a novel, unfamiliar environment. We chose a fixed-order test design, because it is considered helpful to study individual variation without the confounding variance due to randomization of the test order across individuals ([@zoz039-B4]).

Subjects
--------

The subjects were 16 adult zebrafish and 16 adult guppies (total: *N *=* *32 fish). The zebrafish belonged to a wild-type strain routinely bred at the zebrafish facility of University of Ferrara. This zebrafish stock consists of 500 individuals and was originated in 2011 (corresponding to ∼20 generations) from 100 zebrafish (sex ratio 50:50) bought from a local shop. We maintained the zebrafish stock by performing periodical reproductions with fish randomly selected from different maintenance tanks. Moreover, twice per year, we added 30--50 new zebrafish (sex ratio 50:50) to the stock. The guppies belonged to a stock of 1,000 domestic fish ("snakeskin cobra green" strain), maintained in the laboratory since 2012, roughly corresponding to 30 generations. We founded our guppy's stock in 2012 with 200 individuals (sex ratio 50:50) bought from local dealers. Guppies breed spontaneously in their maintenance tanks; to reduce chances of inbreeding, we routinely moved individuals from the different maintained tanks and we occasionally added new guppies bought from the shop. We used these laboratory-reared fish to avoid confounding effects due to different individual experience before the experiments. Moreover, domestic fish seem to habituate faster than wild fish to the training procedure used in cognitive experiments ([@zoz039-B42]).

We took care to ensure that all the conditions experienced by the individuals were identical before the experiment. We kept both species in separated tanks under standardized laboratory conditions: water at 26 ± 1°C, photoperiod of 12 h of light (07.00--19.00 h), and water biological filters to maintain water condition. We provided food flakes and brine shrimps *Artemia salina*, nauplii to the fish twice per day.

Inhibition task
---------------

The inhibition task was developed to study cognition in cuttlefish ([@zoz039-B52]) and we recently adapted it for fish ([@zoz039-B41]). As stimulus prey, we used brine shrimp *A. salina*, nauplii. Our fish were routinely fed with brine shrimps during maintenance and therefore recognized them as prey. We have showed that exploratory tendency toward the novel object inserted in the tank (i.e., the tube) did not affect the inhibitory behavior of fish in the tube task. Indeed, fish did not respond to empty tubes: their attack behavior was triggered by the presence of the live prey inside the tube ([@zoz039-B41]). Moreover, a control experiment showed that fish performed less attacks, and therefore exhibited higher inhibition, toward a tube with a small number of preys ([@zoz039-B41]). This suggests that habituation did not affect the measure of inhibitory control because habituation is expected to cause the opposite pattern of results, that is, reduced number of attacks toward tubes with a large number of preys. Last, the results of the tube task are likely not affected by extinction because this process arises in case of conditioned responses ([@zoz039-B65]). Therefore, inhibition seems to be the cognitive ability that account for performance in the tube task.

We chose the tube task over other tasks developed for land vertebrates for 2 main reasons. First, the test phase was rapid (20 min of testing versus several weeks; [@zoz039-B45]) and did not require to expose the fish to the experimenter during the trials. Long conditioning procedure of other tasks might be stressful for fish and might favor subjects with a personality that adapts faster to the presence of human experimenter. Second, in tasks developed for land vertebrates, the subject can actually reach the food reward ([@zoz039-B37]); in the water, the chemical cues of the food likely disperse widely and may help the subject to solve the task using the smell ([@zoz039-B61]). This factor has been shown to alter the results of comparisons between different fish species, including guppies and zebrafish ([@zoz039-B60]. In the tube task, the food is sealed inside a tube and thus chemical cues cannot affect subjects' performance.

### Apparatus

We tested the subjects in plastic tanks (33 × 13 cm, 15 cm height) containing 4 L of water. Green plastic panels covered the walls of the tanks, preventing the fish from seeing outside. A panel made of transparent plastic placed above the tanks served as a lid. The lid also allowed to support the tube with the stimuli (see "Stimulus prey" section) thanks to a Ø 1.2 cm circular hole. A warm-white LED strip illuminated the tanks from above (photoperiod 12:12 h). A webcam (Logitech) placed 50 cm above each tank recorded the behavior of the subjects during the experiment and stored the recordings in a computer running custom-made software.

### Stimulus prey

We used brine shrimps nauplii as prey, because the fish used in the experiment were accustomed to feed on them (see "Subjects" section). We prepared brine shrimps with a standard protocol: 24 h before the experiment, we mixed 2 g of cysts (Ocean Nutrition, California, HE 240.000 NPG), 2 L of water, and 50 g of salt in a sedimentation cone. We kept the water aerated and at 28°C using a heater and an air pump. With this procedure, the brine shrimps hatched after 24 h. We presented the brine shrimps (4 mL of the solution obtained as before) to the fish by means of a standard glass test tube (length: 10 cm; Ø: 1.2 cm). In a prior study ([@zoz039-B41]), we counted the number of brine shrimps in the tube, finding that they were 470 ± 48 (mean ± standard deviation \[SD\]; *N *=* *10). We also measured the activity of brine shrimps in the tube for 20 min in an empty aquarium. Because the brine shrimps showed constant activity after the first minute, in which they settled down ([@zoz039-B41]), we inserted the stimuli in the tube 2 min before the start of the trial with the fish. This prevented that the first minute of high stimuli activity affected the attack rate of the subject.

### Habituation procedure

The inhibition task consisted of 2 phases, habituation and test ([@zoz039-B41]). During the habituation phase, which lasted 3 days, the subjects familiarized with a feeding habit useful for the test phase. We placed each individual fish into an apparatus and we fed it after few minutes. As food, we used flakes crumbled and mixed to water. We delivered the food using a Pasteur pipette, inserted in the water through the hole in the lid. After 1 h, we fed the fish again. Then, we left the fish undisturbed overnight. We similarly fed the guppies on Day 2 (4 times) and Day 3 of habituation (6 times). We progressively started to deliver the food only when the fish looked at and approached the pipette. Hence, the fish learned to receive food in correspondence of the hole in the lid and usually reached the pipette within 5 s from its immersion.

### Test procedure

On the day after the conclusion of the habituation phase, we started the test phase. We presented the tube with the prey for 2 trials separated by 2 h. Each trials lasted 20 min (the test lasted 40 min overall). To maintain similar conditions in the 2 trials, we did not feed the subjects before the trials on the experimental days. We feed them after completion of the inhibitory trials and on the day between the 2 personality trials, according to the maintenance schedule. We presented the tube by inserting it through the hole of the lid, where it stayed in place, suspended in the water column, thanks to a support. Because of the habituation to feed from hole in the lid, subjects usually attempted to reach the prey in the tube with almost no latency (\<5 s) and exhibited high frequency of attacks. To ensure accurate scoring, we left the fish undisturbed during the trials and we analyzed their behavior using the video recordings played back at 0.5×. We counted the number of attacks toward the brine shrimps performed by each fish, divided by each minute of each trial. We considered the fish to attack the prey when it touched the glass of the tube with the snout. Because trial duration was fixed, the number of attacks also provided information on the frequency of attacks (i.e., individuals with higher number of attacks also had higher frequency of attacks).

Personality test
----------------

The open-field test was originally developed to study anxiety, boldness, and exploration in rodents ([@zoz039-B75]), but it is now commonly used in fish ([@zoz039-B36]; [@zoz039-B72]; [@zoz039-B56]). The subject is placed in an unfamiliar, empty arena for a brief period and its spontaneous behavior is observed, with the assumption that individuals with different personality will behave differently. Two variables are commonly measured to characterize personality in fish with the open-field test: the activity (measured as distance travelled) and the time spent in the central area of the open field. Regarding activity, some species tend to show reduced activity in the open field (and thus they reduce distance travelled). Activity reduction is a response to risk because the unfamiliar arena is a novel, potentially dangerous environment. As shyer individuals show higher risk copying, they are expected to show lower activity compared with bolder individuals in the open field. In guppies and other fish species, it has been reported an opposite situation: shyer individuals show greater activity because they try to escape from the novel, uncomfortable environment more intensely than bolder individuals ([@zoz039-B39]). Time spent in the central area of the open field is generally higher in bolder and more explorative individuals, because fish tend to avoid the center in which they are more exposed, compared with the edges, with eventual predators ([@zoz039-B76]).

### Apparatus

The apparatus resembled the one previously used to study open-field behavior in these species ([@zoz039-B20]; [@zoz039-B72]). It consisted of a 40 × 40 cm (15 cm height) arena made of white plastic and filled with 10 cm of water. Warm-white LED strips placed 1 m above the water level lighted the arena, which was placed in a dark room. To record fish behavior, we used an automated tracking system designed by Noldus Information Technology. The system consisted of a LED infrared-backlit (λ \> 980 nm) table and a camera (Monochrome GigE camera, Basler, D; resolution: 1280 × 1024) placed 1 m above the table and recording at 5 frames per second. A computer connected to the camera run the EthoVision 11.5 tracking software, which collected the data and analyzed the behavior of the subjects.

### Procedure

We performed 2 trials in the open field, separated by 48 h. In each trial, we collected an individual subject from the apparatus used for the tube task and we moved it into the open field using an opaque jar filled with 1 L water. We gently released the fish into the middle of the open field and we started the tracking software to record the behavior of the subjects for 10 min. Between the 2 trials, the fish was moved back to the apparatus in which the inhibition task took place. The EthoVision software recorded the distance travelled by the fish and the time spent in the central area of the open field (1 body length far from the edges).

Statistical analysis
--------------------

We conducted the same analyses on the data of the 2 species. We used R version 3.4.0 (The R Foundation for Statistical Computing, Vienna, Austria, <http://www.r-project.org>). Descriptive statistics in the text are mean ± SD.

The analysis was divided in 3 steps. First, we analyzed the data of the inhibition task. The number of attacks followed the event count distribution and was thus analyzed with models adapted to handle these data (Poisson error structure). Data of guppies presented one outlier consisting of a subject that performed 6 times more attacks compared with the average of the other fish. Because diagnostic plots and Cook's distances showed that this outlier substantially reduced models' fit, we dropped it from the dataset. We analyzed the raw data (number of attacks per each minute of each trial) using generalized linear mixed-effects models (GLMMs) fitted with trial and minute of the trial as fixed effects, and fish ID as random effect. Then, we estimated repeatability across 2 trials of the inhibition task, which allowed to measure individual level consistency and thus individual differences. We used the function "rptPoisson" of the "rprR" R package ([@zoz039-B68]). In these models, we fit the sum of the number of attacks in each trial as depended variable, trial as fixed effect and fish ID as random effect, and we estimated 95% confidence interval (CI) with 10,000 bootstraps. Because fish showed to reduce the number of attacks across minutes, especially in Trial 1, we also calculated the regression coefficient of this behavioral pattern for each individual in Trial 1. We used generalized linear models (GLMs) fitted with each individual's number of attacks as dependent variable and the minute of the test as fixed effect. Then, we used GLMs to test whether individuals' coefficient covaried with their overall number of attacks.

The second step of our analysis regarded data of the personality test. The variables collected for the personality test, distance travelled, and time spent in the center of the open field, were normally distributed (1-sample Kolmogorov--Smirnov test). We tested repeatability as described above, but we used the "rpt" function, which is suitable for Gaussian data. As the repeatability analysis for 1 variable of zebrafish seemed to be affected by reduced variability between subjects, we rerun the analysis with square-root transformed data, which increased data variance. We also correlated the 2 variables of the personality test (sum of the 2 trials). As this latter analysis suggested that the 2 variables measured different personality traits, we analyzed them separately.

In the last step of our analysis, we looked for a relationship between the number of attacks in the tube task (sum of the 2 trials) and the 2 variables collected in the personality test (sum of the distance travelled and sum of the time spent in the center). Here, we used GLMs with Poisson error distribution fitted with the personality trait of interest as fixed effect.

### Ethical note

Experiments were conducted in accordance with the law of the country in which they were performed (Italy, D.L. 4 Marzo 2014, n. 26). The Ethical Committee of University of Ferrara approved the experimental procedures (Pr. TLX n. 2/2018).

Results
=======

Zebrafish
---------

### Inhibition task

In the inhibition task, zebrafish attempted to attack the prey inside the tube 19.18 ± 8.54 times overall. The number of attacks significantly decreased from Trial 1 (14.75 ± 7.00) to Trial 2 (4.44 ± 2.78; GLMM: χ^2^~1~ = 71.716, *P *\<* *0.001). The number of attacks performed by zebrafish in the inhibition task was consistent at individual level across the 2 trials (*R *=* *0.509, CI = \[0, 0.748\], *P *=* *0.037; [Figure 1A](#zoz039-F1){ref-type="fig"}). The number of attacks also decreased across minutes within trial (GLMM: χ^2^~1~ = 230.137, *P *\<* *0.001), with this decreasing being more marked for Trial 1 compared with Trial 2 (GLMM interaction: χ^2^~1~ = 12.285, *P *\<* *0.001). The slope of the decrease in the number of attacks calculated for each individual was positively correlated with its overall number of attacks (GLM: χ^2^~1~ = 34.870, *P *=* *0.027): individuals that decreased faster the number of attacks showed an overall smaller number of attacks.

![Experiment on zebrafish. (**A**) Individual performance in the 2 trials of the inhibition task as number of attacks toward the prey. Individual performance in the 2 trials of the personality test: (**B**) distance moved and (**C**) time spent in the center of the open field. (**D**) Scatterplot of the number of attacks in the inhibition task and the distance moved in the personality test and (**E**) scatterplot of the number of attacks in the inhibition task and the time spent in the center of the open field in the personality test; lines represent covariance predicted from general linear models.](zoz039f1){#zoz039-F1}

### Personality test

In the personality test, zebrafish swam for 92.16 ± 12.27 m overall, 38.96 ± 7.05 m in Trial 1 and 53.20 ± 11.16 m in Trial 2. The distance moved by zebrafish in the personality test was not consistent at individual level across the 2 trials (*R *\<* *0.001, CI = \[\<0.001, \<0.001\], *P *=* *1). This latter analysis could be affected by the low variability observed between individuals ([Figure 1B](#zoz039-F1){ref-type="fig"}). When we repeated the analysis using square-root transformed data, we found a larger CI (*R *\<* *0.001, CI = \[\<0.001, 0.518\], *P *=* *0.5), suggesting that we could not estimate repeatability due to low variability in subjects' behavior. Zebrafish spent 718.18 ± 329.84 s overall (60% testing time) in the center of the open field, 329.52 ± 174.12 s in Trial 1 and 388.67 ± 167.89 s in Trial 2 (55 and 65% trial time, respectively). The time spent in the center was consistent at individual level across the 2 trials (*R *=* *0.854, CI = \[0.660, 0.949\], *P *\<* *0.0001; [Figure 1C](#zoz039-F1){ref-type="fig"}). There was no significant correlation between the overall distance moved and the time spent in the center of the open field (*r*~14~ = −0.268, CI = \[−0.674, 0.263\]; *P *=* *0.316), suggesting that the variables measured different personality traits.

### Covariation between inhibition task and personality test

The distance moved in the personality test did not covary with the number of attacks performed in the inhibition task (GLM: χ^2^~1~ = 1.668, *P *=* *0.197; [Figure 1D](#zoz039-F1){ref-type="fig"}). Conversely, the time spent in the center of the open field in the personality test was negatively related with the number of attacks performed in the inhibition task (GLM: χ^2^~1~ = 15.180, *P *\<* *0.001; [Figure 1E](#zoz039-F1){ref-type="fig"}).

Guppies
-------

### Inhibition task

In the inhibition task, guppies attempted to attack the prey inside the tube 66.33 ± 54.00 times overall. The number of attacks significantly decreased from Trial 1 (39.80 ± 43.95) to Trial 2 (26.53 ± 40.08; GLMM: χ^2^~1~ = 34.668, *P *\<* *0.001). The number of attacks performed by guppies in the inhibition task was not consistent at individual level across the 2 trials (*R *=* *0.097, CI = \[0, 0.607\], *P *=* *0.359; [Figure 2A](#zoz039-F2){ref-type="fig"}). The number of attacks also decreased across minutes within trial (GLMM: χ^2^~1~ = 212.130, *P *\<* *0.001), with this decreasing being more marked for Trial 1 compared with Trial 2 (GLMM interaction: χ^2^~1~ = 61.811, *P *\<* *0.001). The slope of the decrease in the number of attacks calculated for each individual was positively correlated with its overall number of attacks (GLM: χ^2^~1~ = 387.81, *P *\<* *0.001): individuals that decreased faster the number of attacks showed an overall smaller number of attacks.

![Experiment on guppies. (**A**) Individual performance in the 2 trials of the inhibition task as number of attacks toward the prey. Individual performance in the 2 trials of the personality test: (**B**) distance moved and (**C**) time spent in the center of the open field. (**D**) Scatterplot of the number of attacks in the inhibition task and the distance moved in the personality test and (**E**) scatterplot of the number of attacks in the inhibition task and the time spent in the center of the open field in the personality test; lines represent covariance predicted from general linear models.](zoz039f2){#zoz039-F2}

### Personality test

In the personality test, guppies swam for 71.40 ± 22.68 m overall, 37.40 ± 11.72 m in Trial 1 and 33.99 ± 11.50 m in Trial 2. Guppies spent 646.53 ± 221.71 s overall (54% testing time) in the center of the open field, 332.68 ± 127.29 s in Trial 1 and 313.85 ± 121.99 s in Trial 2 (55% and 52% trial time, respectively). Both the distance moved and the time spent in the center of the open field were consistent at individual level across the 2 trials (distance moved: *R *=* *0.909, CI = \[0.761, 0.970\], *P *\<* *0.001; time in the center of the open field: *R *=* *0.581, CI = \[0.162, 0.848\], *P *=* *0.006; [Figure 2B, C](#zoz039-F2){ref-type="fig"}). There was no significant correlation between the overall distance moved and the time spent in the center of the open field (*r*~13~ = 0.377, CI = \[−0.168, 0.745\], *P *=* *0.166), suggesting that the variables measured different personality traits.

### Covariation between inhibition task and personality test

The distance moved in the personality test positively covaried with the number of attacks performed in the inhibition task (GLM: χ^2^~1~ = 9.766, *P *=* *0.002; [Figure 2D](#zoz039-F2){ref-type="fig"}). As observed in zebrafish, the time spent in the center of the open field in the personality test was negatively related with the number of attacks performed in the inhibition task (GLM: χ^2^~1~ = 102.120, *P *\<* *0.001; [Figure 2E](#zoz039-F2){ref-type="fig"}).

Discussion
==========

Across several animal taxa, evidence suggests that individuals show different cognitive performance. In some cases, this variability regards tasks in which individuals have to inhibit behavior and in 2 mammalian species, is related to individuals' personality ([@zoz039-B3]; [@zoz039-B27]). This study reveals that individuals' ability to inhibit foraging behavior in 2 teleost fish species is related to their personality.

In zebrafish, we found that 1 of the 2 traits measured in the personality test covaried with the performance in the inhibition task. Zebrafish that spent more time in the center of the open field in Trial 1 also did so in Trial 2, as expected if this variable measured a personality trait. Moreover, zebrafish that spent more time in the center of the open field less frequently attacked the brine shrimps sealed in the tube in the inhibition task. Hence, our data suggest that, in zebrafish, bolder and more explorative individuals have higher inhibitory abilities. The activity in the open field, measured as distanced moved, did not significantly covary with the inhibitory ability of the zebrafish. We are unsure as to whether this variable was unrelated to inhibition in zebrafish. It is also possible that our personality test failed to capture substantial individual differences in activity, as suggested by the lack of significant repeatability.

In guppies, both traits measured in the personality test (activity, i.e., distance moved and time in the center of the open field) were related to the performance on the inhibition task. The 2 personality variables significantly differed among individuals, and they were not related between each other. Therefore, these variables measured individual differences in 2 personality traits of guppies. Similarly to what observed in zebrafish, guppies that spent more time in the center of the open field showed a lower number of attacks in the inhibition task, suggesting that bolder and more explorative guppies display greater inhibitory abilities. Regarding the activity in the open field, more active individuals performed a greater number of attacks in the inhibition task. In guppies, it has been reported that shyer individuals are more active in the open field, perhaps, because they are swimming panicky in the attempt to leave the unfamiliar environment ([@zoz039-B39]). Therefore, this result aligns with that on time spent in the center of the open field and suggests that bolder guppies display higher inhibitory abilities.

Results in zebrafish and guppies concordantly suggest that more active and bolder individuals are more efficient in inhibiting behavior, at least in the context of foraging. Personality may be affected by individuals' developmental experience ([@zoz039-B9]; [@zoz039-B5]) and similar plasticity has been often reported for cognitive abilities ([@zoz039-B57]; [@zoz039-B40]; [@zoz039-B16]), although it has not been investigated for inhibition in animals. Because we used subjects reared in the laboratory under controlled conditions, we can exclude the possibility that developmental plasticity due to different individual experiences caused the variability observed in our study. It is also arguable that laboratory rearing and domestication can affect fish personality and, in turn, the results of this study ([@zoz039-B70]; [@zoz039-B17]). However, these factors have been reported to affect the average boldness of a population. Consistent evidence across different species suggests that variability in personality is also present in domestic and laboratory reared strains (*D. rerio*: [@zoz039-B2]; *P. reticulata*: [@zoz039-B54]; Salmonids: [@zoz039-B35]; *Salmo trutta*: [@zoz039-B70]; *Solea solea*: [@zoz039-B49]). In agreement with these records, we found substantial repeatability for most of the personality traits. Accordingly, even if laboratory breeding and domestication may have affected average personality in our fish populations, this is unlikely to have affected the measure of individual variability and its relationship with inhibitory abilities.

This study aligns with the growing literature that suggests a relationship between personality and cognition in teleost fish (e.g., [@zoz039-B25]; [@zoz039-B10]; [@zoz039-B73]; [@zoz039-B77]). Yet, our study is one of the few evidencing covariance between personality and the cognitive abilities involved in inhibiting behavior outside humans. One of the main values of the relationship between personality and cognitive abilities is that it supports an indirect hypothesis for the evolution and maintenance of individual differences in cognition. Many studies found that personality is maintained by several selective pressures ([@zoz039-B22]; [@zoz039-B23]), and this might in turn, indirectly maintain individual differences in inhibitory ability. It is worth noting that this study does not exclude the reversed causal relationship. Selection on individual differences in cognition may maintain personality. However, the evolutionary causes of variability in cognition are still puzzling, supporting the idea that personality causes variability in cognition rather than the opposite.

The reasons for the direction of the relationship that we identified remain to be understood. Theory predicts that individuals with more active and bolder personalities encounter new resources at a faster rate than individuals with shyer and less active personalities ([@zoz039-B62]). In the context of foraging, which is related to our inhibition task, a convenient strategy for bolder and more active individuals may be rapidly switching away from a food source when it is not available or accessible, because these individuals have high chances to encounter new food sources. Conversely, shyer and less active individuals may be more persistent in trying to obtain the food, because they are less likely to encounter other resources soon. This may explain the pattern of results that we observed and can be tested by developing and exploiting tests that measure inhibition outside of the foraging context.

A novelty of our study is that we tested 2 species with the same tasks, whereas previous empirical studies on the link between personality and cognition usually investigated a single species. Therefore, it is possible that the result of prior studies were due to the specific combination of the ecological characteristics of the species and the tasks adopted. With this in mind, it is interesting that the relationship between cognition and personality is present and has the same direction in zebrafish and guppies. These 2 teleost species have some ecological similarities, such as inhabiting warm-water streams ([@zoz039-B48]; [@zoz039-B26]), that may explain the similarity in the covariation between personality and inhibition. However, the 2 species also exhibit substantial ecological differences. For instance, guppies have a reproductive system characterized by internal fertilization and ovoviviparity, and the offspring are fully independent from the first day of life; conversely, zebrafish produce eggs via spawning, and the offspring hatch after few days, as embryos that do not feed and almost do not move. Moreover, guppies and zebrafish belong to 2 different orders, Cypriniformes and Cyprinodontiformes, respectively, and are separated by ∼200 million years of evolution ([@zoz039-B67]). Therefore, the most reasonable interpretation of our results is that the link between personality and cognition may be similar within teleost fish, in spite of ecological diversity. Future studies should try to confirm our data, by considering different fish species and different populations within species, and it will be important to understand whether the link between cognition and personality is also similar across species in other vertebrate groups.
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